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ABSTRACT
Hands and Health: Quantifying Occupational Exposures and Implications of Disability.
SueAnn Woods
Introduction: Hand grip strength (HGS) has been negatively correlated with both biologic, cognitive, and
mental health markers. First, aim one investigated how exposure to occupational physical exertion, as
measured through metabolic equivalents (METs), impacted HGS. Next, aim two investigated the impact
of lost time from work and the association with HGS. Finally, aim three hypothesized that workers’
compensation claimants who have lost time from work, following diagnosis of CTS, will have deleterious
health outcomes related to mortality.
Methods: Data for aims one and two was obtained from the National Health and Nutrition Examination
Survey (NHANES), a nationally representative sample of the United States population. In aim one, the
occupational METS (OMET) variable was created by matching the occupation code from NHANES with
the summary MET variable from Tudor-Locke (2011) and compared with the participant’s dominant hand
mean HGS variable. Multivariable linear regression models examined the association between occupation
and HGS stratified by sex. Next, aim two created the occupation status variable by merging occupation
and physical impairment questions. General linear models were used to examine the association between
occupation status and HGS. Finally, aim three utilized data from the West Virginia (WV) Office of the
Insurance Commissioner and investigated 2074 workers with an accepted workers’ compensation claim
for carpal tunnel syndrome (CTS) in 1998 or 1999. Mortality among the cohort compared with the WV
general population was assessed using Poisson regression and Standardized Mortality Ratio (SMR).
Results: Aim one revealed HGS was positively associated with OMET, indicating that increased OMET
was associated with increased HGS (rs = 0.078, p = 0.009). Linear regression model demonstrated a
statistically significant association between HGS and OMETs, F(1, 31) = 9.735, p = .001. There was a
consistent increase in HGS between the light and moderate OMET categories among all four age
categories.
Aim two found that all occupation groups had a statistically significant lower HGS compared to
the referent group of Working No Impairment, even after controlling for age category and gender.
Estimates ranged from -1.372, p=0.013 for Not Working Due to Other Reason, No Physical Impairment,
to -1.523kg for Working with Physical Impairment category, to -5.265kg, p = 0.003 for Not Working Due
to Disability with Physical Impairment. Males were associated with statistically significant higher scores
in HGS (16.14kg, p < 0.0001) compared to the female referent category. Finally, the 50–59-year-old age
category was also associated with a statistically significant lower score in HGS (-1.678kg, p = 0.002),
compared to the referent 20–29-year-old age category.
Aim three analyzed a total of 2074 worker’s compensation claims. For individuals with lost-time,
there was a statistically significant (p = 0.04) association with an increased likelihood of all-cause death at
the time of follow-up (IRR=1.3) 95% CI [1.004, 1.68]. For claimants with a permanent disability, there
was statistically significant association (p<0.001) with an increased likelihood of all-cause death at the
time of follow-up (IRR=1.813) 95% CI [1.4078, 2.33]. Accidental poisoning was significantly elevated in
the overall cohort (SMR=3.26), in the claimants with lost time (SMR=3.72), and the claimants with
permanent disability (SMR=3.67).
Discussion: Tracking population HGS remains clinically important to understand the physical capabilities
of all individuals. Since HGS is correlated with many health markers, these findings add to emerging
research highlighting the deleterious health effects of loss of work for individuals who develop a
disability during working age. Occupational deprivation results from social and cultural exclusions,
institutional policies, technological advancements, economic models, and political systems. We
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recommend that extended time away from work, as prescribed during recovery from injury, should be
utilized with caution to mitigate the impact of occupational deprivation.

Keywords: hand grip strength, occupation, NHANES, mortality, disability, carpal tunnel
syndrome, mortality
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Chapter 1. Introduction
Engagement in occupation provides both structure and meaning to our lives. This
engagement enriches our physical and mental health. At a core foundation of occupational
engagement, lies the ability for humans to utilize their hands to interact with tools and complete
the task demands specific to each occupation.
Quantifying hand function consists of measurements of range of motion, dexterity, and
hand grip strength (HGS). HGS is an objective, non-invasive, reliable, and valid measurement of
hand function (Wang et al., 2019). Obtaining HGS values is completed by asking an individual
to produce an isometric force on a hand dynamometer. (Schectman and Sindhu, 2015; Wang et
al., 2019).
Correlation between HGS and health markers
HGS has been negatively correlated with both biologic, cognitive, and mental health
markers. Increased diastolic blood pressure and hypertension risk have been shown to be
correlated with HGS after adjusting for age, BMI, alcohol consumption, and smoking (Ji et al.,
2018). In healthy children, adolescents, and young adults, HGS is strongly correlated with
overall muscle strength (Wind et al., 2010). An inverse dose-response relationship was
demonstrated between HGS and suicidal thoughts among males less than 65 years of age (Cao et
al., 2020). Additionally, a decline in HGS was also associated with cognitive decline and
mortality in older adults in the Jerusalem Longitudinal Cohort Study (Stessman et al., 2017).
The association of occupational METs on dominant hand grip strength (Paper 1)
Due to the length of time at work each day, the type of occupation is a unique measure of
physical activity and exposure, compared to recreational exercise and activity. Occupational
classifications, and the associated metabolic equivalents, are utilized as a proxy for quantifying
1
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the unique physical demands of various occupations (Tudor-Locke et al., 2011). Paper 1
compares how exposure to occupational physical exertion, as measured through metabolic
equivalents (METs), impacted HGS.
Following injuries, HGS is often compared to normative referenced data as a measure of
overall readiness for return to work. The widely accepted standardized normative data was
obtained in 1984 by cross-sectional research on adults aged 20-94 (Mathiowetz et al., 1985).
However, over the past three decades since the Mathiowetz normative data was established as
the gold standard, emerging technology-related occupations in the workforce have changed
HGS. More recent cross-sectional research has found a statistically significant lower HGS than
that of the Mathiowetz (1985) normative data in all millennial male and female university
students aged 20-34 years, except for the women in the age group of 30-34 years (Fain and
Weatherford, 2015). Fain & Weatherford hypothesized that the change in occupational tasks due
to the increased prevalence of computers and smart devices has negatively affected HGS in
young adults.
The association of disability and occupation on dominant hand grip strength (Paper 2)
As hand strength is impacted by occupation, it is theorized that individuals who are
unable to work are not likely to be able to meet the previously mentioned normative referenced
threshold. Paper 2 explores how the differences in the reasons for working impact different hand
strengths. Specifically looking at the difference between individuals who are unemployed with a
physical disability, and those who are unemployed without a physical disability.
Impact of disability on mortality among workers with upper extremity disorder claims
(Paper 3)

2
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Finally, paper three explored the impacts of disability following non-fatal workers’
compensation claims. CTS is a non-fatal condition that should be temporary in nature. Journal
paper three investigated the impact on mortality for the claimants who did not return to work.
In Washington state, workers with accepted CTS claims only regained about half of their
pre-injury earnings and had three times longer time-loss from work compared to those with
upper extremity fractures (Foley et al., 2007). Furthermore, CTS claimants were significantly
more likely to report an inability to return to desired performance level compared to the
claimants with upper extremity fractures (Foley et al., 2007). Cumulative excess loss of earnings
of the 4,443 CTS claimants was $197 million to $382 million over 6 years, a loss of $45,000–
$89,000 per claimant (Foley and Silverstein, 2015). Despite this in-depth analysis, this research
team did not analyze the impact on mortality.
Paper three specifically explored the impacts specifically to the population from WV. In
addition to the prevalence of coal mining, various health disparities exist due to cultural and
geographical barriers in Appalachia (McGarvey et al., 2011). Health status and health perception
have been found to be significantly lower in residents of Appalachia counties, compared to nonAppalachian counties in Virginia (McGarvey et al., 2011).
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Chapter 2. The association of occupational METs on dominant hand grip strength:
NHANES 2011-2014
2.1 Abstract
Introduction: There is limited research investigating the association between occupation and HGS. It is
hypothesized that an increase in technology-related occupations has resulted in a decline in hand grip
strength (HGS) over the past 30 years. This study aimed to compare how exposure to occupational
physical exertion as measured through metabolic equivalents (METs) impacted HGS.
Methods: Data was obtained from the National Health and Nutrition Examination Survey (NHANES), a
nationally representative sample of the United States population. Participants aged 20-59 years who were
currently working full-time, without a history of hand pain or surgery, and not pregnant were included for
analysis of HGS (N=1613). The occupational METS (OMET) variable was created matching the
occupation code from NHANES with the summary MET variable from Tudor-Locke (2011) and
compared with the participant’s dominant hand mean HGS variable. Multivariable linear regression
models examined the association between occupation and HGS stratified by sex.
Results: HGS was negatively associated with age (rs= -0.065, p=0.03)., indicating that increased age is
associated with a decline in HGS. HGS was positively associated with OMET, indicating that increased
OMET was associated with increased HGS (rs = 0.078, p=0.009). Linear regression model demonstrated a
statistically significant association between HGS and OMETs, F(1, 31) = 9.735, p = .001. There was a
consistent increase in HGS between the light and moderate OMET categories among all four age
categories.
Discussion: Participants with moderate OMET occupations had increased HGS compared to light OMET
occupations, among all four age categories. Injured workers with moderate OMET classifications will
likely have higher HGS demands compared to those with light or sedentary occupations.
Conclusions: Rehabilitation goals before returning to work following injury should support a higher level
of HGS demands.
6
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2.2 Introduction
Quantification of human hand function is primarily based on three criteria: (1) range of motion,
(2) dexterity, and (3) strength measurements. Hand strength is measured by asking an individual to
produce an isometric force on a hand dynamometer. (Schectman & Sindhu, 2015; Y. C. Wang et al.,
2019). Hand strength measurements include gross grip strength, lateral pinch strength, and palmar pinch
strength.
HGS has been negatively correlated with both biologic, cognitive, and mental health markers. In
healthy children, adolescents, and young adults, HGS is strongly correlated with overall muscle strength
(Wind et al., 2010). Increased diastolic blood pressure and hypertension risk have been positively
associated with HGS after adjusting for age, BMI, alcohol consumption, and smoking (Ji et al., 2018). An
inverse dose-response relationship was demonstrated between HGS and suicidal thoughts among males
less than 65 years of age (Cao et al., 2020). Additionally, a decline in HGS was also associated with
cognitive decline and mortality in older adults in the Jerusalem Longitudinal Cohort Study (Stessman et
al., 2017).
United States healthcare practitioners compare a patient’s HGS to normative referenced data as a
measure of readiness for return to work following injury. The widely accepted standardized normative
data was obtained in 1984 by cross-sectional research on adults aged 20-94 (Mathiowetz et al., 1985).
However, over the past three decades since the Mathiowetz normative data was established as the gold
standard, emerging technology-related occupations in the workforce have changed HGS. More recent
cross-sectional research has found a statistically significant lower HGS than that of the Mathiowetz
(1985) normative data in all millennial male and female university students aged 20-34 years, with the
exception of the women in the age group of 30-34 years (Fain & Weatherford, 2015). Fain & Weatherford
hypothesized that the change in occupational tasks due to the increased prevalence of computers and
smart devices has negatively affected HGS in young adults. However, Fain & Weatherford only recruited

7
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university students as participants, contributing to selection bias via limited occupations among
participants. Thus, quantifying the role of occupation on HGS is pertinent.
In a cross-sectional study of employed Michigan adults, consisting of a small sample of assembly
plant and hospital workers, researchers studied the effect of age and gender on HGS (Phillips et al., 2013).
However, researchers failed to capture the participants’ occupation or level of exertion, and they
compared their findings among working-age adults to the Mathiowetz et al. 1985 normative values, which
were obtained from all adults aged 20-94 years old (irrespective of employment status). Adults who are
healthy enough to work are generally healthier than the average population, a concept referred to as The
Healthy Worker Effect (Punnett & Wegman, 2004), and selection bias can distort the results if
comparisons are made between the general population and the working population. Thus, a populationbased normative study investigating the implications of occupation on HGS is warranted.
Occupation
Occupational classifications are utilized as a proxy for quantifying occupational physical activity
differences (Tudor-Locke et al., 2011). Due to the nature of the length of time at work each day, the type
of occupation is a unique measure of physical activity and exposure, compared to recreational exercise
and activity.
Fain & Weatherford (2015) hypothesize that increased use of technology in the workplace can
contribute to a decrease in the HGS among the population. The use of technology to automate tasks in a
workplace, such as agricultural harvesting or assembly line production, has resulted in a reallocation of
labor (Acemoglu & Restrepo, 2019). When analyzing the six broad sectors of labor categories
(agricultural, construction, manufacturing, mining, transportation, and service), Acemoglu and Restrepo
(2019) noted that there was a decline in the number of workers in the mining, agricultural, and
construction sectors between 1987and 2017. While Fain & Weatherford’s hypothesis is supported by
labor trends, the researchers restricted recruitment of participants in their study to current university
students only and thus were not able to provide causal support for their claim.
8
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Given that the Mathiowetz study was published before this trend began to emerge, it is imperative
to understand the impact of occupational tasks, activity, or exertion as occupations shifted during this
time. Thus, research is needed to determine the impact of the occupation itself on HGS. Utilizing a
standardized method to quantify energy expenditure such as metabolic equivalent (MET) provides a
method to compare physical exertion and activity levels between varying occupations. The purpose of this
study is to examine the association between HGS and occupational metabolic equivalent (OMET) values,
utilizing the data from a recent, representative national U.S. database.

2.3 Methods
Data for this cross-sectional study was obtained from the National Health and Nutrition
Examination Survey (NHANES), a nationally representative complex survey design of noninstitutionalized U.S. population. It includes questionnaires administered in the home, followed by a
standardized health examination utilizing especially equipped mobile examination centers (Johnson et al.,
2014). Data utilized in this study was obtained from the demographics, muscle strength, and occupation
components of NHANES data from 2011-2014.

2.3.1 Measures
The NHANES muscle strength component was developed in collaboration with the National
Cancer Institute and was collected from 2011-2014 (NHANES 2011-2012: Muscle Strength - Grip Test
Data Documentation, Codebook, and Frequencies, 2014).
The occupational component of NHANES includes subjective information obtained regarding
both current and prior employment categories and exposures. Participants were asked to report their
current occupation. The 2002 census occupation system has 509 separate occupations arranged into 22
major groups of occupation categories. Federal agencies including the Bureau of Labor Statistics and
NHANES utilize these same 22 occupation categories, which allows for validity in collecting, calculating,
and disseminating occupational data (Tudor-Locke et al., 2011).

9
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Similarly, participants were asked to report the type of work they have done the longest. Data was
reported “same as current occupation” or classified in accordance with the aforementioned Bureau of
Labor Statistics’ 22 occupation categories. Among the included participants, those who reported their
longest occupation was also their current occupation, the current code was utilized (n=834). Participants
who reported an alternative occupation was the longest employed, this occupation code was utilized
(n=267). Data were merged to create the occupational category for the longest occupation and,
henceforth, will be referred to as “occupation.”
In order to create an ordinal variable to compare occupational METs and their impact on HGS,
we created the occupational metabolic equivalent (OMET) variable. The occupation code from NHANES
was matched with the summary MET variable from Tudor-Locke (2011). It should be noted that the
Tudor-Locke study did not include the occupational group of “armed forces” and thus this occupational
category was omitted from analysis (n=8). Consistent with Tudor-Locke (2011), OMET variables were
stratified into three intensity categories: sedentary (<2 OMETs), light (2.0-2.9 OMETs), and moderate
(3.0-6.0 OMETs). No participant included in the study had OMET that fell into the vigorous category (>
6 OMETs).
Detailed testing protocols and procedures from the Muscle Strength component of NHANES are
available (NHANES 2011-2012: Muscle Strength - Grip Test Data Documentation, Codebook, and
Frequencies, 2014). Briefly, trained NHANES researchers utilized a Takei digital hand dynamometer
adjusted to the grip size of the participant. Following a demonstration, participants were asked to stand
upright and while holding the dynamometer with shoulder adducted and elbow extended, squeeze as hard
as possible. Following the practice trial, each hand was tested three times, alternating hands between
trials. To prevent hand fatigue, a 60-second break period was provided between measurements. HGS was
recorded in kilograms. Participants were randomly selected to begin the test with either their dominant or
non-dominant hand.

10
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There is generally a 5-10% difference in grip strength between the dominant hand strength and
the non-dominant hand strength (Bechtol, 1954; Y.-C. Wang et al., 2019). As such, matching the
subjectively reported hand dominance to the three trials completed of each hand was important. In order
to ascertain the average HGS of each hand, the three trials were averaged and matched with hand
dominance to create the Dominant Mean Hand Grip Strength variable. Participants who reported “use
both hands equally” were excluded from the study, as indicated in the flowchart. Right hand dominant
participants included in the study represented 92.4% of the study population.

2.3.2 Inclusion and exclusion criteria
Figure 1 outlines the data flowchart. Because this study is targeted at occupation as the factor
affecting HGS, people who were not of working age were excluded. Additionally, people aged 18-19
years and those greater than 59 years were excluded. Excluding participants greater than 59 years of age
was consistent with the NHANES sampling methods in which adults are stratified into the following
groups 20-29, 30-39, 40-49, and 50-59 years of age. While adults >59 may still work, they were excluded
from the study to be consistent with the NHANES sampling strategy. Secondly, excluding adults aged 18
and 19 years old allows for adequate exposure time to exertion at work. Women currently pregnant were
also excluded. Cross-sectional research has demonstrated that hand dysfunction is associated with
approximately 24% of pregnancies in the third trimester, with resultant pain and dysfunction (Rozali et
al., 2012).
Since the focus of our study was on the impact of occupation on HGS, participants who reported
not working were excluded from the study. Individuals who work more than 40 hours per week are
classified as working overtime, according to the Wages and the Fair Labor Standards Act, and eligible for
overtime pay (Wages and the Fair Labor Standards Act, n.d.). Thus, individuals working overtime (>40
hours) were also excluded to prevent misclassification of exposure from repetition, rather than the
occupation itself.

11
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Furthermore, those working part-time were excluded, as well. The U.S. Department of Labor
does not have a cut-off point demarcating full-time and part-time employees (Full-Time Employment,
n.d.). For the purposes of mandatory Employer Shared Responsibility, under the Affordable Care Act,
full-time employees must average at least 30 hours of service per week (Identifying Full-Time Employees,
2021). However, the NHANES occupation data code book provides information regarding 35 hours or
more of employment per week. The sample was restricted to 81.2% of the participants who worked
exactly 40 hours per week. Of the initial 19931 NHANES records, 1101 met the inclusion criteria.

2.3.3 Analysis
All statistical analyses were conducted utilizing IBM SPSS Version 27.0 (IBM SPSS Statistics for
Macintosh, 2020). The NHANES data set provides a sample weight variable (WTMEC2YR) assigned to
each participant to account for survey non-response and oversampling to match the total population
counts from the US Census Bureau (National Center for Health Statistics, 2020). When combining two
NHANES data collection cycles collected after 2001-2002, construction of a 4-year weighted variable
must be completed by calculating MEC4YR = 1/2 * WTMEC2YR (National Center for Health Statistics,
2020).
Assumption testing was completed. There was independence of residuals, as assessed by a
Durbin-Watson statistic of 1.95. Multicollinearity was assessed and was not present (Age, Tolerance =
1.00, VIF = 1.00; OMET, Tolerance = 1.000, VIF = 1.000). Three participants were classified as an
outlier due to a standardized residual value of greater than ±3, and were excluded from further analysis.
The assumption of normality of residuals was not violated, as assessed with visual inspection of Normal
P-P plot, and with normal distribution of histogram.
The relationship with HGS compared to age and OMET were individually analyzed utilizing
Spearman’s rank-order correlation. Simple and multiple linear regression analyses were conducted using
two models. Model 1 investigated the association between HGS and OMET. Model 2 demonstrated the
multivariable association between HGS and OMET, adjusting for age.
12
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2.4 Results
Table 1 presents the distribution of the study population including weighted and unweighted
distributions. Generally, there was an even distribution of participants in the four age categories.
Approximately half of the participants (51.2%) fell in the sedentary OMET category, and only 10.5%
were classified in the “moderate” OMET category, given the general nature of the difficulty of these
occupations.
Table 1 also includes the bivariate association, as determined by Spearman’s rank order
correlation, between the variables of interest. There was a positive bivariate relationship between
dominant OMET and HGS, indicating that increased OMET was associated with increased HGS (r s =
0.078, p=0.009). There was a negative association between age and HGS, indicating that increased age is
associated with declines in HGS (rs= -0.065, p=0.03). There was a statistically significant association
between OMET and HGS, albeit of small magnitude. When analyzing the bivariate association between
age and OMET, there was not a statistically significant association (rs= 0.024, p=0.419).
Table 2 outlines the descriptive univariate statistics of the study variables. The mean age of
included participants was 39.12 years old. The mean OMET for included participants was 2.160, which is
classified as light. The mean HGS for all participants was 38.70 kg (85.32 lb.).
Table 3 explored the association between HGS and OMET, with age included as a covariate.
Interestingly, HGS was lower in the light OMET level when compared with the sedentary level in three of
the age categories, with the exception of 40-49 years old. Moderate OMET levels were consistently
higher among all age categories than light and sedentary (except 50-59 years) OMET levels.
Figure 2 displays a clustered box plot of dominant HGS and age, clustered by OMET levels.
There is a consistent increase between participant dominant mean HGS between light and moderate
OMET exposures. This increase is seen among all four age categories. Figure 3 displays a multiple line
graph illustrating the association between HGS and OMETs, stratified by age. This figure shows an
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interesting trend with the mean HGS converging at 37 kg between sedentary to light OMET
classifications, with the exception of the 50-59 year old age group.
Results from regression analyses are included in Table 4. Model 1 investigated the association
between HGS and OMET. R2 for the overall model was 0.029, indicating a small effect size. This model
demonstrates a statistically significant association between HGS and OMETs, F(1, 31) = 9.735, p = .001.
Model 2 demonstrates the multivariable association between HGS and OMET, adjusted for age. R2 for the
overall model was 0.047, indicating a small effect size. This model demonstrates a statistically significant
association, F(5, 28) = 5.384, p=0.001. The regression coefficients (-6.692 and -5.203) are the expected
difference in the mean of HGS for sedentary and light OMET values, respectively, as compared to the
moderate level, holding age constant. The expected mean difference in HGS is lower (β= -6.692) for the
light OMET value when compared to the moderate OMET value, holding age constant; similarly, it is
lower (β= -5.203) for the sedentary OMET value when compared to the moderate OMET value.

2.5 Discussion
This study found that among included participants from 2011-2104 NHANES, individuals with
moderate level OMET classifications have stronger HGS when compared to light OMET. The negative
association between HGS and age, indicating that increased age is associated with a decline in HGS, is
consistent with literature (Bohannon et al., 2019; Stessman et al., 2017; Y.-C. Wang et al., 2019; Y. C.
Wang et al., 2019).
It is possible that the use of the summary MET rather than the range of METs minimized the
exertion intensity for some occupations, as it is a more conservative estimate. Each occupation consists of
a variety of activities and tasks completed. For example, Tudor-Locke, et.al illustrates that a firefighter
engaged in fighting a fire for part of one shift will likely exert 10-12 METs, but the remainder of the work
shift will be a mix of light to moderate tasks (2009). As such, the summary OMET values utilized in this
study will likely underestimate the vigorous nature of some occupations. There is also the possibility of
misclassification of the exposure variable due to participant reporting bias. For example, a worker nearing
14
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retirement who has worked for 30 years in construction or extraction may not complete the higher
exertion tasks or be in a supervisory role. Both instances have the potential to bias towards the null
hypothesis.
The distribution of participants across the OMET categories, with the least amount of occupations
in the moderate category is supportive of Fain & Weatherford’s (2016) hypothesis that technological
advances have impacted occupations with a shift towards sedentary occupations. Since there was 10.3%
of the study population within the moderate category, further stratifying by gender was not possible due
to increasingly small sample size in the OMET category of moderate among females, representing 2.2%
of the study population.
A potential limitation to the generalizability of these findings is the testing position and
procedures utilized during HGS readings. The American Society of Hand Therapists (ASHT)
recommends a standardized testing position with the participants seated in a chair, shoulder adducted and
neutrally rotated, elbow flexed to 90 degrees, forearm neutral and wrist in neutral to slight extension
(Schectman & Sindhu, 2015). However, the NHANES study had participants in a standing position,
shoulder adducted and neutrally rotated, elbow extended, and wrist neutral (Center for Health Statistics,
2013). The unique test position might limit the generalizibility of findings compared to data collected
consistent with the ASHT procedures. Additionally, ASHT recommends the use of the Jamar
dynamometer while NHANES utilized the Takei dynamometer. It is suggested that despite the differences
between NHANES and ASHT procedures, participants in NHANES completed a very structured testing
procedure which was consistent among participants.
Given previously investigated correlations with biologic, cognitive, and mental health markers,
tracking individual and population HGS remains clinically important. In addition, United States
healthcare practitioners compare a patient’s HGS to normative referenced data as a measure of readiness
for return to work following injury. Clinicians should ensure a standardized testing procedure to ensure
the reliability and validity of the HGS measures obtained. Injured workers with moderate OMET
15
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classifications will likely have higher HGS demands compared to those with light or sedentary
occupations. As such, rehabilitation goals before returning to work following injury should support a
higher level of HGS demands.
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2.7 Tables and Figures
Figure 1
Data Flowchart
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Table 1
Distribution of included participants: NHANES 2011-2014 (N=1101)

N

Unweighted N (%)

Weighted N (%)

1101

24831294.12

Age

rs

-0.065

20-29

249 (22.6)

5744926.84 (23.1)

30-39

312 (28.3)

6984307.70 (28.1)

40-49

313 (28.4)

6724518.48 (27.1)

50-59

227 (20.6)

5377541.08 (21.7)

Longest OMET

0.078

Sedentary

562 (51.2)

13195145.24 (53.1)

Light

421 (38.2)

9313040.26 (37.5)

Moderate

116 (10.5)

2323108.62 (9.4)

Table 2
Descriptive univariate statistics of included participants: NHANES 2011-2014 (Weighted
N=24831294.12)
Mean

SE

95% CL
LL

UL

Age in years

39.12

0.445

38.21

40.02

Longest OMET

2.1603

0.028

2.103

2.217

Mean Dominant HGS

38.700

0.492

37.697

39.703
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Table 3
Average combined grip strength by occupational METS: NHANES (2011-2014) (Weighted
N=24831294.12)
Sedentary (SE)
Light (SE)
Moderate (SE)
p
20-29 years old 40.47 kg (1.37)

35.74 kg (1.08)

45.95 kg (1.34)

< 0.001

30-39 years old 40.79 kg (0.94)

39.38 kg (0.97)

44.54 kg (1.95)

< 0.001

40-49 years old 35.91 kg (0.98)

37.81 kg (1.13)

47.60 kg (1.98)

< 0.001

50-59 years old 38.16 kg (1.45)

35.62 kg (1.21)

37.25 kg (1.45)

< 0.001

Figure 2
The association of hand grip strength and age, stratified by occupational METS: NHANES 2011-2014
(N=1101)
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Figure 3
The association of grip strength and occupational METS, stratified by age: NHANES 2011-2014
(N=1101)
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Table 4
Summary of Regression Analysis for Variables on Combined Dominant Hand Grip Strength. NHANES 20112014 weighted. (N=24694146.13)

Effect

Estimate

SE

95% CL
LL

t

p

UL
Model 1

Intercept

-43.699

1.205

41.244

46.153

36.264

<0.001

-

-

-

-

-

-

OMET Light

-6.529

1.513

-9.611

-3.446

-4.314

<0.001

OMET Sedentary

-5.154

1.274

-7.749

-2.559

-4.045

<0.001

OMET Moderate

Model 2
Intercept

1.321

41.703

47.086

33.596

<0.001

-

-

-

-

-

-

OMET Light

-6.692

1.488

-9.724

-3.661

-4.496

<0.001

OMET Sedentary

-5.203

1.223

-7.694

-2.712

-4.254

<0.001

20-29 years old

-

-

-

-

-

-

30-39 years old

1.182

1.264

-1.393

3.756

0.935

0.357

40-49 years old

-1.479

1.175

-3.872

0.914

-1.259

0.217

50-59 years old

-2.495

1.110

-4.757

-0.233

-2.247

0.032

OMET Moderate

44.395
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Chapter 3. The association of disability and occupation on dominant hand grip strength:
NHANES 2013-2014
3.1 Abstract
Introduction: In 2016, 10 million U.S. adults with disabilities who were unable to work received
financial assistance from Social Security Disability. People with disabilities frequently experience
premature aging and decreased independence in functioning, resulting in diminished quality of life. Lost
time from work could also result in reduced hand grip strength (HGS), that can serve as a non-invasive
proxy measure for a person’s overall strength.
Purpose of the Study: This study aimed to identify whether occupational status was associated with HGS
in people with disabilities who were unable to work.
Methods: Data was obtained from the National Health and Nutrition Examination Survey (NHANES), a
nationally representative sample of the U.S. population. Participants aged 20-59 years who were not
pregnant and had complete information on HGS, disability status, occupation, and physical impairment
were included (N=2991). Occupation status was created by merging occupation and physical impairment
questions. General linear models were used to examine the association between occupation status and
HGS.
Results: All occupation groups had statistically significantly lower HGS compared to the referent group
of Working No Impairment, even after controlling for age category and gender. Estimates ranged from to 1.372, p=0.013 for Not Working Due to Other Reason, No Physical Impairment, to -1.523kg for Working
with Physical Impairment category, to -5.265kg, p = 0.003 for Not Working Due to Disability with
Physical Impairment. Males were associated with a statistically significant higher scores in HGS
(16.14kg, p<0.0001) compared to the female referent category. Finally, the 50–59-year-old age category
was also associated with a statistically significant lower score in HGS (-1.678kg, p=0.002), compared to
the referent 20–29-year-old age category.
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Discussion: Among people with physical impairments, currently employed participants generally had a
higher average HGS scores compared to participants Not Working Due to Disability with Physical
Impairment, suggesting work is protective of the loss of HGS. Age effects suggest that HGS declines as
workers reach the end of their career. Tracking population HGS remains clinically important to
understand the physical capabilities of all individuals.
Conclusions: Individuals who are able to maintain employment, despite physical impairments, are likely
to have stronger physical abilities, as measured by HGS.
Key words: Grip strength, Hand strength, Disability, NHANES
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3.2 Introduction
In 2016 one in four non-institutionalized adults in the United States experienced a disability in
functions related to hearing, vision, cognition, mobility, self-care, and/or independent living (Okoro et al.,
2018). The category of people with disabilities encompasses a broad spectrum of people with inherited,
genetic, sustained, chronic and/or progressive conditions with a wide range of diagnoses and functioning
(Centers for Disease Control and Prevention, 2020). Similarly, disability is broadly defined as the
interaction between individuals with a health condition (e.g., hand injury) and personal and environmental
factors (e.g., ineffective coping skills and limited transportation) (Centers for Disease Control and
Prevention, 2020).
Disability is the intersection between impairment (i.e., condition of the body or mind), activity
limitation, and participation restrictions or interactions with the world around them (Prevention., 2020).
There are two frameworks for classification of disabilities: The International Classification of Diseases,
tenth edition, (ICD-10), which provides a classification framework of diseases, disorders, and injuries,
and the International Classification of Functioning, Disability, and Health (ICF), which describes body
function, structure, level of capacity, and level of performance (World Health Organization, 2002).
Together, ICD-10 and ICF provide a more complete picture of both diagnosis and functioning. The ICF
recognizes that functioning is a broad term including all body functions, activities, and participation,
while the term disability serves all types of impairments, activity limitations, or participation restrictions.
The ICF (2001) also recommends not using the term handicapped.
Advances in medical care and an aging population in the US have simultaneously increased the
prevalence of disability while lengthening the life expectancy for people living with chronic conditions
(Albrecht et al., 2001; Disability and Health, 2020). The World Health Organization has recommended
the following public health response to adequately address the needs, barriers, and health outcomes of
people with disabilities: (a) include people with disabilities in healthcare surveillance; (b) ensure data
disaggregation by disability types; (c) develop normative tools to disseminate disability-related data
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(Disability and Health, 2020). Worldwide, one billion people live with a disability (Disability and Health,
2020). The disability itself or subsequent secondary conditions might limit participation in the community
and workplace (Field & Jette, 2007). People with disabilities may also experience decreased
independence in everyday functioning, resulting in diminished quality of life (Field & Jette, 2007).
Employment and Disability
In 2016, 10 million adults in the United States were beneficiaries of Social Security Disability
assistance (Annual Statistical Report on the Social Security Disability Insurance Program, 2016 , n.d.).
Among the adults receiving Social Security Disability assistance, the most prevalent cause of disability
was diseases of the musculoskeletal system and connective tissues (CDC National Center for Health
Statistics, 2018). According to the American Community Survey, only 37.5% of adults aged 18-64 with
disabilities were employed, compared to 77.8% of adults without disabilities in 2019 (2019 Annual
Report on People with Disabilities in America, 2020).
Hand Grip Strength
Lost time from work could also result in other negative health outcomes, such as reduced hand
grip strength (HGS). HGS can be measured quickly and serve as a non-invasive proxy for a person’s
overall strength (Bohannon et al., 2019; Stessman et al., 2017), and include standardized reference values
to assist in result interpretation (Bohannon et al., 2019). Prior research has largely focused on HGS
reference values obtained in adults without disabilities.
The purpose of this study is to examine the relationship between HGS and disability status. The
null hypothesis states that there is no difference between the HGS in people with disabilities and HGS in
general population regardless of employment status. The alternative hypothesis states that there is a
relationship between HGS and disability and employment status.

3.3 Methods
Data for this cross-sectional study was obtained from the National Health and Nutrition
Examination Survey (NHANES), a nationally representative complex survey design of the non28
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institutionalized U.S. population. NHANES consists of questionnaires administered in the home, followed
by a standardized health examination in especially equipped mobile examination centers (Johnson et al.,
2014). Data utilized in this study was obtained from the demographics, muscle strength, disability, and
occupation components of NHANES data from 2013-2014.

3.3.1 Measures
The NHANES muscle strength component was developed in collaboration with the National
Cancer Institute and was collected from 2011-2014 (NHANES 2011-2012: Muscle Strength - Grip Test
Data Documentation, Codebook, and Frequencies, 2014). Detailed testing protocol and procedures from
the Muscle Strength component of NHANES is available (NHANES 2011-2012: Muscle Strength - Grip
Test Data Documentation, Codebook, and Frequencies, 2014). Briefly, trained NHANES researchers
utilized a Takei digital hand dynamometer adjusted to the grip size of the participant. Following a
demonstration, participants were asked to stand upright and while holding the dynamometer with
shoulder adducted and elbow extended, squeeze as hard as possible. Following the practice trial, each
hand was tested three times, alternating hands between trials. To prevent hand fatigue, a 60-second break
period was provided between measurements. HGS was recorded in kilograms. Participants were randomly
selected to begin the test with either their dominant or non-dominant hand. Prior research has revealed a
5-10% difference in grip strength between the dominant hand strength and the non-dominant hand
strength (Bechtol, 1954; Y.-C. Wang et al., 2019). Hence, we averaged the HGS of the self-reported
dominant hand to create the variable Mean Dominant Hand Grip Strength. Participants who reported
using both hands equally were excluded from the study. Right hand dominant participants included in the
study represented 91.4% of the study population.
The occupational component of NHANES includes subjective information regarding both current
and prior employment categories and reasons for not working. Occupational status was then combined
with the disability component. The following two disability questions were of primary interest for this
study, given their ability to ascertain physical functioning: (a) “Do you have serious difficulty walking or
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climbing stairs?” and (b) “Do you have difficulty bathing or dressing?” Participants who answered yes to
either or both of the two questions were coded as having a physical impairment. Participants who
answered no to both questions were coded as having no physical impairment. Figure 1 includes the
decision-making logic for creation of a new variable occupation status by merging occupation and
disability variables resulting in six categories: Participants who reported working last week and had no
physical impairment were considered as (1) Working with No Impairment. If they reported working last
week but also had an impairment they were considered (2) Working with Impairment. Those who reported
not working, with the main reason being a disability, were divided into those (3) Not Working Due to
Disability with Physical Impairment and (4) Not Working Due to Disability From Other Impairment.
Those who reported they were unable to work due to other reasons (e.g., taking care of house or family,
health reasons, and going to school) were divided into two categories (5) Not Working Due to Other
Reason: With Physical Impairment and (6) Without Physical Impairment. Participants who reported being
retired or on layoff as their main reason for not working were excluded from the study, as there was no
way to ascertain the length of time retired or away from work.

3.3.2 Inclusion-exclusion criteria
Figure 2 outlines the data flowchart. Because this study investigated the inability to work as the
factor affecting HGS, people who were not of working age were excluded. Consistent with the NHANES
sampling methods, age was categorized into 20-29, 30-39, 40-49, and 50-59 years. While adults <20 and
>59 may work, they were excluded from the study to be consistent with the NHANES sampling strategy.
Women currently pregnant were also excluded to reduce confounding. Cross-sectional research has
demonstrated that hand dysfunction is associated with approximately 24% of pregnancies in the third
trimester (Rozali et al., 2012).

3.4 Analysis
All statistical analyses were conducted utilizing IBM SPSS Version 27.0 (IBM SPSS Statistics for
Macintosh, 2020). The NHANES data set provides a sample weight variable (WTMEC2YR) assigned to
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each participant to account for survey non-response and oversampling to match the total population
counts from the US Census Bureau (National Center for Health Statistics, 2020). Descriptive statistics
including mean age, gender, and occupation status were analyzed, with test statistics and p-values
associated with group differences on mean HGS independent sample t-test or ANOVA F-test results
reported. General linear model utilizing complex samples weighting plan was the primary analysis of
interest; assumption testing was completed and found satisfactory for independence of residuals,
multicollinearity, and normality of residuals. Four participants were classified as regression outliers due
to a standardized residual value of greater than ±3 on HGS, and were excluded from further analysis.
After assumption testing, general linear model analysis was conducted investigating the multivariable
association between HGS and occupation status with age and gender included as covariates. We report the
unstandardized estimates with the standard errors, 95% CL, t-statistic and p-value for intercept, age,
gender, and each occupational status group compared to the working and no physical impairment group
(referent). Alpha was set to 0.05 unless otherwise noted.

3.5 Results
Table 1 presents the weighted and unweighted distribution of study participants. Generally, there
was an even distribution of participants in the four age categories. Participants who reported a physical
impairment represent a total of 7.7% of the study population and were distributed among three categories:
Not Working Due to Disability with Physical Impairment (2.6%), Not Working Due to Other Reason,
With Physical Impairment (2.4%), and Working with Physical Impairment (2.7%). Participants who
indicated they did not have a physical impairment represented a total of 92.2% of the study sample and
were distributed among three categories: Working with No Impairment (75.9%), Not Working Due to
Other Reason, No Physical Impairment (13.4%), and Not Working Due to Disability From Other
Impairment (2.9%).
Table 1 also presents descriptive and inferential test statistics. The mean HGS for all participants
was 37.39 kg (82.43 lb.). The mean age of study participants was 39.49 years old. There was a
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relationship between HGS and age category (F (3, 2987) = 13.93, p <0.0001). The mean HGS for males
was 44.98kg (SD=8.31), as compared to the female mean HGS 29.07kg (5.55). There was a relationship
between HGS and gender t(2989) =62.00, p<0.0001. Finally, the relationship between HGS and
occupation status was determined and found to be significant (F (5, 2985) =52.59, p<0.001).
Figures 3a and 3b display bar graphs of dominant HGS and age by occupation status, by gender,
for the weighted participant sample: (a) grip strength follows a normal curve, increasing until middle age
and then decreasing into older adulthood among both genders; (b) Working No Impairment particiapants
tend to be protected against the age related decline, maintaining only minimal decline in 50-59 as
compared to 40-49 years old; (c) among adults of working age, the impact of physical impairments, work,
and disability, impact HGS differently in each age group.
Results from general linear model analyses are included in Table 2. All occupation status groups
had statistically significantly lower HGS scores after controlling for gender and age category, compared
to the referent group of Working No Impairment. Estimates ranged from to -1.372, p=0.013 for Not
Working Due to Other Reason, No Physical Impairment. Interestingly, individuals in the Working With
Physical Impairment category had only modestly lower HGS scores (-1.523kg) which indicates the work
is protective of the loss of HGS, compared to the substantial decline of -5.265kg, p = 0.003 for Not
Working Due to Disability With Physical Impairment category. Males were associated with statistically
significant higher scores in HGS (16.14kg, p<0.0001) compared to the female referent category. There
was a statistically significant decline in HGS (-1.678kg, p=0.002) in the 50–59-year age category,
compared to the referent 20–29-year-old age category, indicating that grip strength declines as workers
reach the end of their career.

3.6 Discussion
The findings of this study add to emerging research highlighting the deleterious health effects of
loss of work for individuals who develop a disability during working age. This study observed that among
included participants from 2013-2104 NHANES, currently employed without physical impairments have
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stronger HGS when compared to all other categories of employment and disability. This relationship
remained even after controlling for age, although consistent with prior research, the negative association
between HGS and age indicates that increased age is associated with decline in HGS (Bohannon et al.,
2019; Stessman et al., 2017; Y.-C. Wang et al., 2019; Y. C. Wang et al., 2019).
Although not impacting the multivariable relationship between occupational status and HGS, it
may be of interest to explore the age differences in HGS more in depth, particularly the unexpected
finding of the increase in mean HGS from the 30–39-year age group when compared to the 20-29 age
group, followed by a sharp decline in the 40–49-year-old age group, among the participants in the Not
Working Due to Disability with Physical Impairment. This finding may be attributed to a few possible
causes. First, adults aged 20-29 who already had a classification of a disability at this age may be more
likely to have a congenital disability and the 30–39-year age group may include those individuals who
were previously not disabled and sustained workplace injuries. A second plausible reason to explain the
substantial increase is the increased self-care requirements. A young adult who is attempting to live
independently may take on a higher role of self-care tasks including household management and
community mobility. These increased exposures could result in increased HGS during this age range.
A potential limitation to the generalizability of these findings is the testing position and
procedures utilized during HGS readings. The American Society of Hand Therapists (ASHT)
recommends a standardized testing position with participants seated in a chair, shoulder adducted and
neutrally rotated, elbow flexed to 90 degrees, forearm neutral and wrist in neutral or slight extension
(Schectman & Sindhu, 2015). However, the NHANES collected the hand strength data with participants
in a standing position, shoulder adducted and neutrally rotated, elbow extended, and wrist neutral (Center
for Health Statistics, 2013). The NHANES test position might limit the generalizability compared to data
collected consistent with the ASHT procedures. Additionally, ASHT recommends the use of the Jamar
dynamometer while NHANES utilized the Takei dynamometer. It is suggested that despite the differences
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between NHANES and ASHT procedures, participants in NHANES completed a very structured testing
procedure that was consistent among participants.
Prior research has largely focused on HGS reference values obtained in adults without
disabilities. Tracking population HGS remains clinically important to understand the physical capabilities
of all individuals. This research fills an important gap in the literature by demonstrating strong negative
relationships between both working and non-working disabilities relative to a working non-disabled
group on HGS even after controlling for age. Researchers and healthcare practitioners should ensure a
standardized testing procedure to ensure the reliability and validity of the HGS measures obtained.
When an individual is unable to complete the occupations that are necessary or meaningful to
them due to factors outside of their control, occupational deprivation can occur and may result in negative
health outcomes (Whiteford, 2000). Applebaum et.al (2019) found a three-fold increase in drug-related
mortality in women with greater than seven days lost-time from work, when compared to those with
seven or fewer days of lost-time from work (HR:2.93, 95%CI:2.04,4.21) (2019). There was also a nearly
two-fold increase in suicide mortality for workers with greater than seven days lost-time from work when
compared with seven or fewer days lost (women: HR = 1.92, 95% CI = 1.21‐3.06; men: HR = 1.72, 95%
CI = 1.23‐2.40) (Applebaum et al., 2019). Another study demonstrated significantly elevated risk of
mortality caused by intentional self-harm among workers’ compensation claimants with lost-time and
permanent disability following non-fatal low back injuries (lost time: SMR=1.43, 95% CI= 1.06-1.90;
Permanent Disability: SMR=1.41, 95% CI= 0.89-2.11) (Martin et al., 2020).
Individuals who are able to maintain employment, despite physical impairments, are likely to
have stronger physical abilities, as measured by HGS. The physical strength, emotional fulfullment, and
financial stability through employment appears to be beneficial to health. Providing reasoable
accommodations to allow individuals with impairments to maintain work should continue to be a priority.
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3.8 Tables and Figures
Figure 1.
Decision making logic for creation of occupation status variable.
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Figure 2.
Data Flowchart.
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Table 1
Distribution of included participants: NHANES 2013-2014 (N=2991)
Unweighted
N (%)
N
Mean Dominant HGS (kg)
Gender

2991

Male
Female
Age
20-29 years old
30-39 years old
40-49 years old
50-59 years old
Occupation Status
Not Working Due to Disability with Physical Impairment
Not Working Due to Disability from Other Impairment

1434 (47.9)
1557 (52.1)

Weighted N (%)

Weighted
Mean HGS
(SE)

Mean difference
test statistic* in
HGS and p-value

136636295.1
37.39 (0.33)
62.00, p<0.001
67390675.09 (49.3)
69245620.03 (50.7)

45.81 (0.36)
29.19 (0.15)
13.93, p<0.001

716 (23.9)
785 (26.2)
792 (26.5)
698 (23.3)

34126552.05 (25.0)
33494559.01 (24.5)
34766620.34 (25.4)
34249453.72 (25.1)

38.04 (0.47)
37.64 (0.60)
37.78 (0.46)
35.13 (0.65)
52.59, p<0.0001

Not Working Due to Other Reason, with Physical Impairment
Not Working Due to Other Reason, no Physical Impairment
Working with Physical Impairment
Working No Impairment
Abbreviations: HGS: Hand Grip Strength
*t-test or ANOVA as appropriate
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79 (2.6)
88 (2.9)

3325625.12 (2.4)
3389799.65 (2.4)

29.32 (1.98)
33.88 (1.59)

71 (2.4)
401 (13.4)
81 (2.7)
2271 (75.9)

2574595.89 (1.9)
17152554.46 (12.6)
3458874.31 (2.5)
106734845.70 (78.2)

29.78 (1.99)
31.96 (0.61)
31.58 (1.03)
39.00 (0.40)
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Figure 3a.
Clustered bar graph of male dominant mean HGS by age, clustered by occupation status: NHANES 2013-2014 (Weighted
N=67390675.09).

Figure 3b
Clustered bar graph of female dominant mean HGS by age, clustered by occupation status: NHANES 2013-2014 (Weighted
N=69245620.03).
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Table 2
Summary of General Linear Model Analysis for Variables on Combined Dominant Hand Grip Strength. NHANES 2013-2014.
(Weighted N=136,319,732.8)
Main Effects

Estimate

SE

29.905

0.419

Intercept
Age
43

95% CL
LL
UL
29.011

30.799

tstatistic

p-value

71.313

<0.001
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20-29 years old (Referent)
30-39 years old
40-49 years old
50-59 years old
Gender
Female (Referent)
Male
Occupation Status
Working No Impairment (Referent)
Working with Physical Impairment

1.248
0.409
-1.678

0.434
0.406
0.447

0.322
-0.456
-2.631

2.173
1.275
-0.726

2.872
1.008
-3.756

0.012
0.329
0.002

16.140

0.322

15.423

16.826

50.104

<0.001

-1.523

0.611

-2.825

-0.221

-2.494

0.025

Not Working Due to Other Reason, No Physical Impairment
Not Working Due to Other Reason, with Physical Impairment

-1.372
-3.967

0.490
0.907

-2.416
-5.901

-0.327
-2.033

-2.494
-4.372

0.013
0.001

Not Working Due to Disability from Other Impairment
Not Working Due to Disability with Physical Impairment

-4.497
-5.265

0.590
1.502

-5.759
-8.466

-3.239
-2.063

-7.617
-3.505

<0.001
0.003
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Chapter 4. The impact of disability on mortality among workers with upper extremity
disorder claims: A retrospective cohort study
4.1 Abstract
Background: This study directly builds upon prior research by Martin et. al which found
increased mortality among workers in WV with accepted non-fatal low back claims (Martin et
al., 2020). Martin et. al found statistically significant elevated hazard ratios for mortality caused
by intentional self-harm, cancer, heart disease, and drug overdose involving opioids among
workers’ compensation claimants with lost time from work with non-fatal injuries (Martin et al.,
2020). Additional research of the WV data set will confirm that lost time from work from nonfatal injuries negatively impacts overall health. We hypothesize that individuals with accepted
workers’ compensation claims (claimants) who have lost time from work following diagnosis of
CTS will have deleterious health outcomes related to mortality.
Methods: The vital status through 2020 was ascertained for 2074 workers with an accepted
workers’ compensation claim in WV for CTS in 1998 or 1999. Mortality among the cohort
compared with the WV general population was assessed using Poisson regression and SMR.
Results: A total of 2074 worker’s compensation claims were included in the study population
contributing 43116.39 person-years to the stratified analysis. Most of the accepted claims
resulted in time away from work (63.5%). The median amount of lost work time was 23 weeks
(IQR 67). More than half of the accepted claims (57.9%) resulted in permanent partial disability
and 1% resulted in permanent total disability. For individuals with lost time, there was a
statistically significant (p=0.04) association with an increased likelihood of all-cause death at the
time of follow-up (IRR=1.3) 95% CI [1.004, 1.68]. For claimants with permanent disability,
there was statistically significant association (p<0.001) with an increased likelihood of all-cause
45

SueAnn Woods PhD Dissertation

death at the time of follow-up (IRR=1.813) 95% CI [1.4078, 2.33]. Accidental poisoning was
significantly elevated in the overall cohort (SMR=3.26), in the claimants with lost time
(SMR=3.72), and in the claimants with permanent disability (SMR=3.67).
Conclusions: The results suggest that disability itself may impact mortality risks in UEMD. The
concept of occupational deprivation highlights the phenomenon that occurs when an individual is
unable to complete the occupations that are necessary or meaningful to them due to factors
outside of their control (Whiteford, 2000). Occupational deprivation results in social and cultural
exclusions, institutional policies, technological advancements, economic models and political
systems. We recommend that extended time away from work, as prescribed during recovery
from injury, should be utilized with caution to mitigate the impact of occupational deprivation.
Keywords: mortality, occupational deprivation, opioids, workers’ compensation, work‐related
disability

4.2 Introduction
Whether one’s occupation involves typing, shoveling, driving, or cooking, nearly all
occupations require the use of the upper extremity. Workplace factors including repetitive
46

SueAnn Woods PhD Dissertation

activities, forceful exertion, non-neutral wrist positions, temperature, and vibration can yield a
multitude of upper extremity musculoskeletal disorders (UEMD) (Franzblau et al., 2005).
Tendons that control the wrist, hand, and fingers are subjected to tensile stresses, compression,
and shear stress as they move through fibrous tunnels throughout the upper extremity, leading to
thickening, pain, and impaired tendon gliding (Lee et al., 2011). CTS is considered the most
common upper extremity peripheral nerve entrapment occurring in working-aged adults
(Newington et al., 2015).
4.2.1 Anatomic Considerations
At the level of the wrist, the median nerve passes narrowly through the carpal tunnel.
This tunnel is bordered medially by the pisiform and hook of hamate and laterally by the
tuberosities of the scaphoid and trapezium (Newington et al., 2015). The palmar “roof” of the
carpal tunnel is formed by the flexor retinaculum, also known as the transverse carpal ligament
(Newington et al., 2015; Padua et al., 2016). The tunnel serves to provide alignment and
positioning of the median nerve, along with four flexor digitorum profundus tendons, four flexor
digitorum superficialis tendons, and the flexor pollicis longus tendon (Newington et al., 2015;
Padua et al., 2016). Given the tight borders of the carpal tunnel, entrapment of the median nerve
at this location is common and diagnosed as CTS.
CTS is considered the most common upper extremity peripheral nerve entrapment
occurring in working-aged adults (Newington et al., 2015). Mild CTS causes “nuisance
symptoms” include dysesthesia (unpleasant abnormal sensations such as numbness and/or
tingling) and nocturnal wakening (Newington et al., 2015). While more severe cases of CTS
yields pain, hand grip and pinch weakness, focal slowing of nerve conduction velocity, and
neural demyelination (Padua et al., 2016).
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4.2.2 Diagnostic Criteria
Diagnosis of CTS can contain a multitude of diagnostic procedures. Tinel’s test, which
involves percussion on the median nerve to attempt to reproduce symptoms, with sensitivity
ranging between 42%-85% and specificity ranging from 54-98% (Padua et al., 2016). Phalen’s
test involves flexion of the wrist for 1 minute in an attempt to produce compression of the
median nerve and replication of symptoms. Phalen’s test is thought to have sensitivity ranging
from 42%-85% and specificity from 38-100% (Padua et al., 2016). Because of the wide range of
specificity and sensitivity research, others recommend strength testing as a component of
diagnosis.
Padua reports that the strength of the abductor pollicis brevis muscle can provide useful
information about functional impairment caused by CTS, but is not reliably quantifiable (Padua
et al., 2016). Hand grip strength, as measured by a dynamometer, is a reliable quantifiable
assessment, but is not commonly used due to limitations of time and equipment (Padua et al.,
2016). When grip strength is compared to age-adjusted and sex-adjusted normative values, loss
of functional grip strength can provide meaningful results (Padua et al., 2016).
The use of electromyography provides additional diagnostic testing confirmation by
assessing conduction of electrical stimulus on both motor and sensory branches.(Padua et al.,
2016) Electromyography has high sensitivity (80-90%) and specificity (>95%) and can be
utilized for differential diagnosis of cervical radiculopathy (Padua et al., 2016). More recently,
the use of ultrasound has been indicated as a complementary CTS diagnostic tool, which adds
value by screening for cross sectional size and structural abnormalities at the wrist (Padua et al.,
2016).
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4.2.3 Prevalence
Given the variation among diagnostic criteria, reported prevalence and incidence of CTS
vary widely and limit comparisons. Pain, numbness, and tingling appear to be prevalent in the
general population, with only 1 in 5 symptomatic subjects expected to have CTS as confirmed by
clinical examination and electromyography (Atroshi et al., 1999). Some researchers purport that
one in ten people will develop CTS at some point in adulthood (Padua et al., 2016). However, it
is thought that the use of clinical special tests (i.e., Tinel’s and Phalen’s tests) results in a higher
diagnosis rate of CTS when compared to electrophysiological testing (Padua et al., 2016).
Comorbid conditions including obesity, pregnancy, menopause, hypothyroidism,
rheumatoid arthritis and osteoarthritis are thought to be associated with CTS (Pourmemari et al.,
2018). Given that hypothyroidism, menopause, and pregnancy are known to be associated, there
is thought that hormonal changes may be causative rather than correlational, but there is no
evidence that supports this theory (Padua et al., 2016). However, there is strong evidence of a
positive association between exposure to a combination of risk factors (e.g., force and repetition,
force and posture) and CTS (Putz-Anderson et al., 1997).
4.2.4 Appalachian Regional Considerations
The outcomes of CTS in rural Appalachian areas are not well understood. WV is situated
in the heart of Appalachia. Unique work demands take place in WV, as there is a prevalence of
coal mining in this region. Coal mining poses risks to injuries, particularly to workers’ hands and
arms, given the mechanical and labor-intensive nature of this work. The rate of non-fatal injuries
among coal miners is 11% higher compared to private industry, and 63% higher in underground
bituminous coal mining (Margolis, 2010). In addition to the increased incidence of injury,
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injured workers in this industry often miss more days of work, which might be attributed to a
“graying population” as the median age of coal miners is 50 years old (Margolis, 2010).
In addition to coal mining in WV, various health disparities exist due to cultural and
geographical barriers in Appalachia (McGarvey et al., 2011). Health status and health perception
have been found to be significantly lower in residents of Appalachia counties, compared to nonAppalachian counties in Virginia (McGarvey et al., 2011).
4.2.5 Work and RTW in CTS
Diagnosis, treatment, and return to work for claimants with CTS remain important given
the large number of cases. In 1994, the estimated incidence of carpal tunnel release (CTR) is
thought to be between 400,000 and 500,000 cases annually in the United States, with economic
costs more than $2 billion per year (Palmer & Hanrahan, 1995). In Olmstead County, Minnesota,
the average annual incidence of CTS increased from 258 per 100,000 in 1981–1985 to 424 in
2000–2005 (p < 0.0001) (Gelfman et al., 2009).
The cause of the increased incidence in young working age individuals from the 1980’s
though the 1990’s is unclear, but resulted in substantial lost work day (Gelfman et al., 2009).
Thus, the American Conference of Governmental Industrial Hygienists (ACGIH) has proposed
Threshold Limit Values (TLV) for Hand Activity Level (HAL). Interestingly, in a large cohort of
active workers, the prevalence of wrist/hand/finger symptoms and elbow/forearm symptoms
among workers in jobs below the TLV action limit was 43% and prevalence of elbow/forearm
symptoms was 23% (Franzblau et al., 2005).
In a cross-sectional analysis of production and service workers, CTS prevalence was
associated with not only biomechanical factors, but also workplace factors such as: job
satisfaction, job demand, decision latitude, supervisor support, and physical and mental
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exhaustion (Fan et al., 2015). Not surprisingly, research into CTS short-term recovery reveals
emphasis on both physical and physiological symptoms. Researchers report psychological
factors contributing to maladaptive attitudes and coping such as: negative affect, emotional
distress, and external locus of control have a negative outcome on recovery, and thusly RTW
(Roesler et al., 2013). In research specially regarding hand injuries or hand disorders, the
presence of pain, accident location, and symptoms of PTSD were univariately associated with
RTW (Opsteegh et al., 2009). Qualitative research in hand injuries reveals that having a positive
attitude toward disability, setting goals, supportive employers and colleagues at work, and
having the desire to overcome dependency on others appear to encourage recovery (Lai, 2004).
Interestingly, Palmer et al also found that the cost of worker’s compensation CTS cases
was three to five times higher than nonworkers (1995) Conversely, Lai found that motivational
constructs of workers and non-workers with hand injuries were similar (Lai, 2004). Regardless, it
appears that barriers in RTW appear from both physical consequences of the injury, along with
psychosocial determinants, as well (Opsteegh et al., 2009).
In addition to short-term recovery, researchers have worked to determine the long-term
impacts of CTS claims. In Washington state, workers with accepted CTS claims only regained
about half of their pre-injury earnings and had three times longer time-loss from work compared
to those with upper extremity fractures (Foley et al., 2007). Furthermore, CTS claimants were
significantly more likely to report an inability to return to desired performance level compared to
the claimants with upper extremity fractures (Foley et al., 2007). Cumulative excess loss of
earnings of the 4,443 CTS claimants was $197 million to $382 million over 6 years, a loss of
$45,000–$89,000 per claimant (Foley et al., 2007). Despite this in-depth analysis, this research
team did not analyze the impact on mortality. When researching CTS, current literature focuses
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on the mortality of surgical interventions. There are no recognized long-term mortality studies
with CTS.
4.2.6 Workers Compensation Mortality
Understanding the impact of mortality following workers' compensation claims is a novel
area of research. Researchers analyzing New Mexico compensation claims found a three-fold
increase in drug-related mortality in women with greater than seven days lost time from work
when compared to those with seven or fewer days of lost time from work (HR = 2.93, 95% CI =
2.04‐4.21) (Applebaum et al., 2019). Similar patterns emerged within this research for both
genders with a nearly two-fold increase in suicide mortality for claimants with greater than seven
days lost-time when compared with seven or fewer days lost (women: HR = 1.92, 95% CI =
1.21‐3.06; men: HR = 1.72, 95% CI = 1.23‐2.40) (Applebaum et al., 2019).
The proposed study directly builds upon prior research by Martin et. al which found
increased mortality among workers in WV with accepted non-fatal low back claims (Martin et
al., 2020). Martin et. al found statistically significant elevated hazard ratios for mortality caused
by intentional self-harm, cancer, heart disease, and drug overdose involving opioids (Martin et
al., 2020). Additional research of the WV data set will confirm that lost time from work from
non-fatal injuries negatively impacts overall health.
The exact mechanism that occurs leading from lost time from work to increased mortality
is not understood. The concept of occupational deprivation highlights the phenomenon that
occurs when an individual is unable to complete the occupations that are necessary or
meaningful to them due to factors outside of their control (Whiteford, 2000). Occupational
deprivation results social and cultural exclusions, institutional policies, technological
advancements, economic models and political systems (Whiteford, 2000).
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We hypothesize that individuals with accepted workers’ compensation claims (claimants)
who have lost time from work following diagnosis of CTS will have deleterious health outcomes
related to mortality. If our hypothesis is confirmed, extended time away from work, as prescribed
during recovery from injury, should be utilized with caution to mitigate the impact of
occupational deprivation.
4.3 Methods
Approval for the research was obtained from the West Virginia University Institutional
Review Board. Policies and procedures were enacted to protect the confidentiality, integrity, and
availability of the study data and include the implementation of technical, administrative, and
operational safeguards. Through a three-way data use agreement between WVU, National
Institute for Occupational Safety and Health (NIOSH), and the Office of the Insurance
Commissioner (OIC), data was matched and then analyzed with death records. Death records
were obtained through National Death Index-Plus (NDI-Plus) and matched with Social Security
Administration Death Master File (SSA-DMF) and Internal Revenue Service (IRS) records to
confirm. The underlying and contributing cause of death was obtained from the NDI-Plus
records. Given the retrospective nature of this research, no contact was made with the
participants in the cohort.
Inclusion and Exclusion Criteria
The study is a retrospective cohort design. The cohort consists of all workers with a claim
accepted for mononeuritis of the upper limb and mononeuritis multiplex (ICD-9 354.0-354.9) in
WV during calendar years 1998 and 1999. The WV workers’ compensation data set is unique
due to the privatization of the workers’ compensation insurance during this time period, allowing
access to the complete state claims data set. The total number of CTS claimants during this time
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period is 2074. Comorbid conditions included among the participants include wrist sprain,
contusion, hand injury, pain in hand/forearm, trigger finger, and disturbance of skin sensation.
No claimants were excluded from the study.
4.4 Analysis
Statistical analyses were conducted utilizing IBM SPSS Version 27.0 (IBM SPSS
Statistics for Microsoft, 2020) and Microsoft Excel (2019). First, descriptive analysis was
completed on age and sex. Assignment of sex were made to those with missing sex variables
(N=4) based off the implied gender of the first name. The data set did not include race; however,
percentage of White in the county was recorded as a proxy of race. The U.S. Census Bureau
2000 population estimate reports that, near the time of the accepted worker’s compensation
claims in this cohort, 95.05% of people in WV were White (Population of West Virginia Census 2010 and 2000 Interactive Map, Demographics, Statistics, Quick Facts - CensusViewer,
n.d.). This statistic has remained consistent with only 1.24% change from 2000-2010. Therefore,
the claimant’s county was matched to the 2000 U.S. Census Bureau Reports and the percentage
of population that is White in the county of residence was recorded.
Second, data transformation was completed to create disability-specific variables. In order
to be consistent with the prior publication the variables included: lost work time (defined as 4 or
more days away from work), number of person days of lost work time, permanent partial
disability status, permanent total disability status, the percent of permanent disability awarded,
and surgical treatment. The number of person days of lost work time was estimated from the
disability award start and end dates and censored at the equivalent of 208 weeks (the maximum
amount of lost work time awarded). Disability percentages were calculated consistently with
impairment ratings derived from The American Medical Association Guides to the Evaluation of
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Permanent Impairment (The AMA Guides), 4th edition. Surgical treatment was identified from
Current Procedural Terminology (CPT) codes. If a claimant’s data did not include a CPT code
for surgery, the claimant was assumed not to have had surgical treatment.
ICD codes for the underlying causes of death were obtain through NDI-Plus and mapped
to cause of death categories as described on the NIOSH website
(https://www.cdc.gov/niosh/ltas/pdf/NIOSH‐119‐ table‐2007.pdf). The research team combined
causes of death into the a priori categories: all-cause, all cancer (o4-o40), all heart disease (o53o59). The data transformation procedure to capture the drug overdose from opioids as the
underlying cause of death was published previously (Martin et al., 2020).
Additionally, Poisson regression models were utilized to investigate a priori mortality (allcause, all cancer, all heart disease, and opioids). The offset parameter for the Poisson regression
model was set as the log of the person days of the given strata. The incidence rate ratio (IRR)
was calculated by exponentiating the Poisson regression coefficient.
Finally, mortality was calculated comparing to the general population of the United States
using Standardized Mortality Ratios (SMR). For each cohort member, person‐years‐at‐risk
(PYAR) began on the date of injury associated with the first accepted claim for CTS in 1998 or
1999. PYAR accumulated until the earlier of the date of death or study end date (December 21,
2020). PYAR were stratified by sex and 5‐year intervals of age and calendar time and were
multiplied by the correlated cause‐specific sex, age, and calendar time mortality rates for the
United States to calculate the deaths for each stratum. The expected numbers of deaths were
summed across each stratum to obtain the cause‐specific and all-cause expected number of
deaths. The SMR was calculated as the ratio of the observed to expected number of deaths.
Confidence intervals were calculated as an estimate of the true SMR parameter based on
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approximation to the exact Poisson test (Breslow & Day, 1987). This analysis was completed for
the entire cohort, and then restricted to cohort members with lost-time and permanent disability.
4.5 Results
Table 1 presents the descriptive characteristics of the cohort. A total of 2074 worker’s
compensation claims were included in the study population contributing 43116.39 person-years
to the stratified analysis. At the time of analysis, 16.7% of the cohort was deceased. Single
accepted claims represented the majority (94.8%) of the study population. Over half (66.6%) of
the accepted claims had a singular diagnosis of CTS (ICD-9 354.0) while the remaining claims
consisted of comorbid conditions including lesions of the ulnar nerve, brachial plexus, reflexive
sympathetic dystrophy, causalgia, depression and anxiety.
Most of the accepted claims resulted in time away from work (63.5%). The median
amount of lost work time was 23 weeks (IQR 67). More than half of the accepted claims
(57.9%) resulted in permanent partial disability and 1% resulted in permanent total disability.
The median percentage of white-alone in the county of residence was 96.3% (IQR 5.77).
Claimants having surgical intervention represented 7.9% (N=320) of the cohort.
Table 2 includes the summary of Poisson regression analyses for variables on morality.
The first model was utilized to predict the outcome of all-cause death following accepted
workers’ compensation claim for CTS with lost-time and permanent disability as main effects;
age, gender, and race were included as covariates. The omnibus test was statistically significant
(p< 0.001), indicating that the regression model outperforms the null model. For individuals with
lost time, there was a statistically significant (p=0.04) association with an increased likelihood of
all-cause death at the time of follow-up (IRR=1.3) 95% CI [1.004, 1.68]. For claimants with
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permanent disability, there was statistically significant association (p<0.001) with an increased
likelihood of all-cause death at the time of follow-up (IRR=1.813) 95% CI [1.4078, 2.33].
Similar to model 1, models 2 through 4 aimed to predict the mortality outcomes of
interest (all cancer, all heart disease, and opioids, respectively). Similarly, lost time and
permanent disability were utilized as main effects; while age, gender, and race were included as
factors. The omnibus test was statistically significant for all models with the exclusion of opioids
as a cause of death. regards to cancer mortality among individuals with lost time, there was a
statistically significant (p=0.013) association with an increased likelihood of all-cancer death at
the time of follow-up (IRR=1.746) 95% CI [1.123, 2.713]. For claimants with permanent
disability, there was a statistically significant association (p<0.001) with an increased likelihood
of all-cancer mortality at the time of follow-up. (IRR=2.621) 95% CI [1.696, 4.052].
Model 3 investigated all-heart disease related mortality and was found to be statistically
significant (p=0.021) among permanent disability (IRR=1.779) 95% CI [1.092, 2.896] but not
significant (p=0.680) among claimants with lost time (IRR=1.108) 95% CI [0.681, 1.804].
Model 4 was not statistically significant for either lost time or permanent disability as a predictor
for opioid-related cause of death.
Mortality for cohort members, as compared to the US general population, is provided in
Table 3. Accidental poisoning had a statistically significant elevation in the overall cohort
(SMR=3.26) 95% CI [1.58, 6.17], in the claimants with lost time (SMR=3.72) 95% CI [1.92,
6.74], and in the claimants with permanent disability (SMR=3.67) 95% CI [1.88, 6.67]. Cohort
members with permanent disability exhibit an emerging trend of elevated mortality risk
compared to the US general population in four of the five cause of death analyses but failed to
reach significance.
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4.6 Discussion
This study found statistically significant elevated IRRs for all-cause, all-cancer, and allheart mortality compared to claimants without lost time or permanent disability. Additionally,
the SMR for all-cause mortality and accidental poisoning mortality, as compared to the US
general population, was elevated in the claimants for the entire cohort, the cohort with lost time,
and the cohort with permanent disability. A particular strength to this study is the inclusion of all
claimants within the state population, rather than a sample of the population.
Given the retrospective study design, the researchers were not able to determine the
diagnostic criteria utilized for claimants diagnosed with CTS. As mentioned previously, CTS
testing has variable sensitivity and specificity. Most likely, the claimants in the cohort had
variable test(s) utilized for diagnosis which is a limitation in the internal validity of the included
participants. Additionally, participants were not limited to those with only one diagnosis.
Therefore, the impact of inclusion of comorbid conditions such as sprain and contusion could
limit the internal validity. Due to ICD9 not reporting laterality of the affected limb, it is not
known whether an individual with multiple claims was due to an exacerbation or a new claim in
the contralateral upper extremity.
The results suggest that disability itself may impact mortality risks in UEMD, specifically
related to all-cause death, all cancer death, and all heart disease deaths. These findings are added
to the body of knowledge regarding workers’ compensation mortality studies (Applebaum et al.,
2019; Martin et al., 2020). The concept of occupational deprivation highlights the phenomenon
that occurs when an individual is unable to complete the occupations that are necessary or
meaningful to them due to factors outside of their control (Whiteford, 2000). Occupational
deprivation results in social and cultural exclusions, institutional policies, technological
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advancements, economic models, and political systems. We recommend that extended time away
from work, as prescribed during recovery from injury, should be utilized with caution to mitigate
the impact of occupational deprivation.
Comparing employed workers to the general population can result in the selection bias
known as the Health Worker Effect (HWE) (Choi, 2000; Chowdhury et al., 2017). The general
population consists of people with disabilities and those with chronic health conditions that limit
the ability to work, whereas the employed workforce tends to consist of individuals healthy
enough to work. One proposed method to minimize the HWE would be to use an external worker
group comparison. This data set consisted of only injured workers, but future research may lead
to a data set of employed workers without injury to serve as the comparison group, rather than
the general population mortality. Future research should compare the mortality experience to
WV, rather than the US, given the unique health implications in a rural state.
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4.8 Tables and Figures
Table 1
Characteristics of study population (N=2074)
N (%)
Sex
Male
Female
Vital Status as of 12/21/2020
Alive
Deceased

1066 (51.3)
1008 (48.6)
1728 (83.3)
346 (16.7)
63

Median (IQR)
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Age at injury (years)
Lost work time
Number of lost work days (among those with lost work time)
Permanent disability
Partial
Total
Percent permanent disability (among those with permanent disability)
Surgical treatment
Single claim
First claim for CTS only
Percentage of county residents white-alone

44 (13)
1318 (63.5)
164 (471)
1200 (57.9)
20 (1.0)
12 (8)
320 (7.9)
3813 (94.8)
2532 (66.4)

Table 2
Summary of Poisson Regression Analysis for Variables on Morality (N=2074)

64

96.3 (5.77)
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Table 3
Mortalitya among workers with a claim for CTS.
Overall cohort (N=2074)
OBS

SMR

95% CI

Cohort members with lost work time
(N=1318)
OBS

LL

UL

SMR

95% CI

Cohort members with permanent
disability (N=1220)
OBS

LL

UL

SMR

95% CI
LL

UL

All deaths

352

1.06

0.21

3.32

231

1.12

0.23

3.40

225

1.16

0.25

3.46

All cancers

93

0.9

0.14

3.10

69

1.06

0.21

3.32

66

1.04

0.20

3.29

Heart diseases

68

0.98

0.17

3.21

42

0.98

0.17

3.21

42

1.02

0.19

3.27

Intentional self-harm

7

0.85

0.12

3.03

5

0.98

0.17

3.21

3

0.67

0.06

2.78

Accidental poisoning

21

3.26

1.58

6.17

15

3.72

1.92

6.74

12

3.67

1.88

6.67

Abbreviations: CI, confidence interval; OBS, observed number of deaths; SMR, standardized mortality ratio
International Classification of Diseases (ICD) codes were mapped to all cancers, heart diseases, intentional self‐harm, and accidental
poisoning as described on the NIOSH website at https://www.cdc.gov/niosh/ltas/pdf/NIOSH‐119‐table‐2007.pd
a
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Chapter 5. Summary
The results of this study highlight the impact of occupation and disability on hand
strength and mortality. Prior research into hand strength has been limited by exclusion of
occupation and disability variables into analyses. The rich databases analyzed in this study
contribute an in-depth analysis to these gaps in the literature.
5.1 Paper 1 Discussion Summary
This study found that among included participants from 2011-2104 NHANES, individuals with
moderate level OMET classifications have stronger HGS when compared to light OMET. The negative
association between HGS and age, indicating that increased age is associated with decline in HGS, is
consistent with literature (Bohannon et al., 2019; Stessman et al., 2017; Wang et al., 2019).
The distribution of participants across the OMET categories, with the least amount of occupations
in the moderate category is supportive of Fain & Weatherford’s (2015) hypothesis that technological
advances have impacted occupations with a shift towards sedentary occupations. Since there was 10.3%
of the study population within the moderate category, further stratifying by gender was not possible due
to increasingly small sample size in the OMET category of moderate among females, representing 2.2%
of the study population.
Given previously investigated correlations with biologic, cognitive, and mental health markers,
tracking individual and population HGS remains clinically important. In addition, United States
healthcare practitioners compare a patient’s HGS to normative referenced data as a measure of readiness
for return to work following injury. Clinicians should ensure a standardized testing procedure to ensure
the reliability and validity of the HGS measures obtained. Injured workers with moderate OMET
classifications will likely have higher HGS demands compared to those with light or sedentary
occupations. As such, rehabilitation goals before returning to work following injury should support a
higher level of HGS demands.
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5.2 Paper 2 Discussion Summary
The findings of this study add to emerging research highlighting the deleterious health effects of
loss of work for individuals who develop a disability during working age. This study observed that among
included participants from 2013-2104 NHANES, currently employed without physical impairments have
stronger HGS when compared to all other categories of employment and disability. This relationship
remained even after controlling for age, although consistent with prior research, the negative association
between HGS and age indicates that increased age is associated with decline in HGS (Bohannon et al.,
2019; Stessman et al., 2017; Wang et al., 2019).
Prior research has largely focused on HGS reference values obtained in adults without
disabilities. Tracking population HGS remains clinically important to understand the physical capabilities
of all individuals. This research fills an important gap in the literature by demonstrating strong negative
relationships between both working and non-working disabilities relative to a working non-disabled
group on HGS even after controlling for age.
Individuals who are able to maintain employment, despite physical impairments, are likely to
have stronger physical abilities, as measured by HGS. The physical strength, emotional fulfullment, and
financial stability through employment appears to be beneficial to health. Providing reasoable
accommodations to allow individuals with impairments to maintain work should continue to be a priority.

5.3 Paper 3 Discussion Summary
This study found statistically significant elevated IRRs for all-cause, all-cancer, and allheart mortality compared to claimants without lost time or permanent disability. Additionally,
the SMR for all-cause mortality and accidental poisoning mortality, as compared to the US
general population, was elevated in the claimants for the entire cohort, the cohort with lost time,
and the cohort with permanent disability. A particular strength to this study is the inclusion of all
claimants within the state population, rather than a sample of the population.
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Comparing employed workers to the general population can result in the selection bias
known as the Health Worker Effect (HWE) (Choi, 2000; Chowdhury et al., 2017). The general
population consists of people with disabilities and those with chronic health conditions that limit
the ability to work, whereas the employed workforce tends to consist of individuals healthy
enough to work. One proposed method to minimize the HWE would be to use an external worker
group comparison. This data set consisted of only injured workers, but future research may lead
to a data set of employed workers without injury to serve as the comparison group, rather than
the general population mortality. Future research should compare the mortality experience to
WV, rather than the US, given the unique health implications in a rural state.
5.4 Conclusions and Implications for Future Research
In conclusion, the results from this study help fill the gap in literature pertaining to
occupation and disability on hand strength, health, and mortality. Individuals who are able to
maintain employment, despite physical impairments, are likely to have stronger physical
abilities, as measured by HGS. physical strength, emotional fulfillment, and financial stability
through employment appears to be beneficial to health.
The concept of occupational deprivation highlights the phenomenon that occurs when an
individual is unable to complete the occupations that are necessary or meaningful to them due to
factors outside of their control (Whiteford, 2000). Occupational deprivation results in social and
cultural exclusions, institutional policies, technological advancements, economic models, and
political systems. Providing reasonable accommodations to allow individuals with impairments
the ability to maintain work and mitigate the impact of occupational deprivation.
Future studies investigating hand strength should include occupation and disability, in
addition to age and gender, to better understand these exposures. As technology will continue to
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impact occupations, quantifying these changes will remain important as society and human
health continues to evolve.
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